ms. This study suggests that, at least for these fricatives, listeners do not require the frication noise in its entirety for fricative identification. The present study, then, attempts to determine the minimal duration of frication noise required for correct identification of fricatives.
In order to gain insight into various factors contributing to fricative identification, the data collected were subjected to an analysis in terms of the linguistic features of place of articulation, manner of articulation, and voicing. If, as Hughes and Halle's (1956) results suggested for some voiceless fricatives, duration is not an important perceptual cue for fricative identification, then, given some minimal duration, recognition scores for fricatives should be relatively independent of the frication duration presented. The fact that duration does not play a very important role in distinguishing fricatives in terms of place of articulation would be in accordance with the claim that, for place of articulation, it is the spectral rather than the temporal properties of the acoustic signal that play a role in consonant perception. Stevens and Blumstein (1978) , for instance, showed that place of articulation for stop consonants can be accurately identified on the basis of the spectral information that is present in the It is unlikely, however, that a duration of about 25 ms would be sufficient for the identification of place and manner of articulation of fricatives, due to the difference in the way the spectral energy builds up in stops and fricatives. Stop 'consonants are characterized by a rapid spectrum change and simultaneous increase in spectral energy (Pickett, 1980; Stevens, 1980) . It might be the case, then, that a longer duration is required by the auditory system for the identification of fricatives, since for a fricative the spectral energy requires more time to reach its maximum amplitude. In fact, in a pilot study (Jongman, 1984 ) subjects obtained equally high recognition scores for [f, s, •, v, z] on the basis ofeither 100% or 50% of the frication noise as measured from the onset of frication, but obtained very poor scores on the basis of 10% of the frication noise. This suggests that the cue (s) for place and manner of articulation, as well as voicing, lies somewhere between 10% and 50% of the frication duration, which corresponds to averages of about 14 and 72 ms, respectively.
The purpose of the present study is to establish just how much frication noise is required for correct identification of both voiceless and voiced fricatives and to analyze these data in terms of the linguistic features of place of articulation, manner of articulation, and voicing.
I. METHODS

A. Stimuli
The recorded syllables were consonant-vowel (CV) utterances consisting of the fricatives [f, v, s, z, •, 0, 6] followed by one of the vowels [i, u, a ]. Each syllable was printed on a 3-X 5-in. notecard in orthographic form. These syllables were produced by one male native speaker of American English.
• The speaker read all syllables five times in random order at a normal speaking rate. The syllables were recorded on magnetic tape in a soundproof room with a Nagra 4.2 tape recorder and a Shure SM81 microphone. Stimuli were transferred to a PDP 11/34 computer for editing. A 20-kHz sampling rate with a 9-kHz low-pass filter setting was used. For the present experiment, one out of the five repetitions of each target syllable was selected using the following criteria: sound quality, that is, is the target syllable a representative token, as judged informally by three trained phoneticians; and segmentability, that is, those representa• tive tokens were selected for which the onset and offset of the frication noise could be most accurately located.
In the identification task, eight different conditions were presented: the fricative-vowel syllables in their entirety, the frication noise in its entirety (as measured from the onset of the frication noise up to, but not including, the vowel transi- its entirety are shown in Table I 
B. Subjects and procedures
Fourteen male students at Brown University with no formal training in linguistics served as paid subjects. They had no known history of either speech or hearing disorders. The stimuli were presented binaurally through AKG141 headphones at a comfortable level. Subjects responded by writing down one of the 11 alternatives: f, v, s, z, sh, th, tt, p, b, t, d, which were provided at the top of each answering sheet. The alternatives sh, th, and tt were used to indicate [ •, 0, • ], respectively. Subjects were asked to repeat a few words with [ 0] and [ 0 ] in initial position to ensure that they were aware of the difference between these two sounds. The stop response category was included to provide subjects with an alternative if the fricatives did not sound very fricativelike, a situation that was expected for the short noise conditions. Subjects were told that the number of stop consonants presented was randomized across subjects, so that they might or might not hear any stops in any given length condition.
There was a 3-s interval between stimuli and an additional 3 s after every tenth stimulus. To ensure that all subjects understood the instructions, each test tape was preceded by 42 practice stimuli, which were not scored. Subjects were presented not more than one tape per day and finished participating in the experiment in 5 to 8 days. Subjects took a break in the middle of tape 3. The first tape presented was always tape 1, with the fricative-vowel syllables in their entirety, which served as a control task; the order in which the other tapes were presented was randomized for each subject. On the control task, a score of 80% correct was taken as an arbitrary criterion for allowing subjects to participate in the other test conditions. Two subjects did not reach this criterion and did not participate in the remainder of the experiment. The data used in the present experiment were thus obtained from 12 subjects, yielding 12 (subjects) X 1680 (stimuli) = 20 160 responses.
II. ANALYSIS OF RESULTS
The results section is organized in the following way: In addition to these analyses, separate analyses were performed for correct identification of fricatives in terms of place of articulation, voicing, and manner of articulation. Table II shows Comparing the identification scores for each fricative within each length condition, the differences among fricatives in correct identification of place of articulation gradually decrease as the duration of the frication noise increases, until in the 50-ms condition (and all subsequent longer conditions) identification scores are equal for all fricatives, with the exception of [0, c3], whose identification scores remain significantly lower than those of the other fricatives. Table III Table IV shows the correct fricative identification scores in terms of manner of articulation, averaged over the twelve subjects, regardless of identification of place of articulation, and voicing. The manner categories were fricative ( [ f, s, 0, •, v, z, • ] )  and stop ([p, t, b, d] ) . The reader should be cautious in interpreting these results, since there were no stop consonants in the stimulus set. A two-way ANOVA was performed in which the different length conditions and the different fricatives were compared. There was a main effect both for duration [F ( 
B. Place of articulation analysis
C. Voicing category
D. Manner of articulation analysis
F. Information transmission analysis
In order to examine any response bias in the identification scores presented above, the data were subjected to an information transmission analysis, as described by Miller and Nicely (1955) in Table II In conclusion, the present research suggests that the first 50 ms of frication noise, corresponding to less than half 1Although the fricative stimuli of the present study were produced by one speaker, there is strong reason to believe that the results will generalize to tokens of other speakers. Though different speakers may employ different articulatory strategies in fricative production, many studies (e.g., Strevens, 1960; Behrens and Blumstein, 1988a ) present data averaged across speakers because they find interspeaker differences to be negligible. In particular, after individual analyses of the spectral, temporal, and amplitude properties of 100 fricative tokens produced by each of three male speakers, Behrens and Blumstein (1988a) concluded that there is "tremendous consistency in the pattern of results found for the three subjects." 2Stimuli consisting of 70, 60, and 50 ms of the frication noise were randomized and put together on one tape, since in the pilot study (Jongman, 1984) neither the subjects nor the experimenter perceived them as having very different durations. Stimuli consisting of 40 and 30 ms of the frication noise were grouped together for the same reason.
